Endothelial dysfunction in human disease.
The vascular endothelium plays a key role in the local regulation of vascular tone by the release of vasodilator substances (i.e. endothelium-derived relaxing factor (EDRF = nitric oxide, NO) and prostacyclin) and vasoconstrictor substances (i.e. thromboxane A2, free radicals, or endothelin). Using either agents like acetylcholine or changes in flow to stimulate the release of EDRF (NO), clinical studies have revealed the importance of EDRF in both basal and stimulated control of vascular tone in large epicardial coronary arteries and in the coronary microcirculation. The regulatory function of the endothelium is altered by cardiovascular risk factors or disorders such as hypercholesterolemia, chronic smoking, hypertension or chronic heart failure. Endothelial dysfunction appears to have detrimental functional consequences as well as adverse longterm effects, including vascular remodelling. Endothelial dysfunction is associated with impaired tissue perfusion particularly during stress and paradoxical vasoconstriction of large conduit vessels including the coronary arteries. These effects may cause or contribute to myocardial ischemia. Several mechanisms may be involved in the development of endothelial dysfunction, such as reduced synthesis and release of EDRF or enhanced inactivation of EDRF after its release from endothelial cells by radicals or oxidized low-density lipoprotein (LDL). Increased plasma levels of oxidized LDL have been noted in chronic smokers and are related to the extent endothelial dysfunction, raising the possibility that chronic smoking potentiates endothelial dysfunction by increasing circulating and tissue levels of oxidized LDL. In heart failure, cytokines and/or reduced flow (reflecting reduced shear stress) may be involved in the development of endothelial dysfunction and can be reversed by physical training. Other mechanisms include an activated renin-angiotensin system (i.e. postmyocardial infarction) with increased breakdown of bradykinin by enhanced angiotensin converting enzyme (ACE) activity. There is evidence that endogenous bradykinin is involved in coronary vasomotor control both in coronary conduit and resistance vessels. ACE inhibitors enhance endothelial function by a bradykinin-dependent mechanism and probably also by blunting the generation of superoxide anion. Endothelial dysfunction appears to be reversible by administering L-arginine, the precursor of nitric oxide, lowering cholesterol levels, physical training, antioxidants such as vitamin C, or ACE inhibition.